The System of Rice Intensification (SRI) has received a fair amount of attention in recent years both in and outside of Madagascar, where incredible yield increases have been achieved using few external inputs and less water and seed. SRI initially seemed well suited to Madagascar due to the unavailability or cost of fertilizer and the inability of most farmers to grow enough rice to feed their families. Despite its promise, farmer adoption of SRI in the areas where it was promoted has been low, "disadoption" (abandonment) of the method has been high, and those who continue to practice the method rarely do so on more than half of their land.
Introduction
The System of Rice Intensification (SRI), developed in Madagascar with the help of Malagasy farmers, seemed to be particularly well suited to the needs of Malagasy farmers and could be considered an ideal low-external input sustainable agriculture (LEISA) technology. The method requires no chemical fertilizers or pesticides and can be practiced with local seed varieties. Thus far, SRI yields seem to be sustainable, and it was hypothesized that intensifying lowland rice production would reduce the clearing of land for upland rice production responsible for a significant pa rt of the deforestation in Madagascar. Most importantly, the method has been repeatedly shown to double or triple rice yields in smallholder farmers' fields (albeit from a low base with average yields of two tons/hectare or less).
Despite its obvious benefits and intensive extension efforts by an indigenous NGO, SRI has not taken off as expected. As we document below, we find that adoption rates have generally been low, the average rate of disadoption (the percentage of households who have tried the method but who no longer practice it) has been high, at 40 percent, and those who adopt and retain the technique rarely put more than half of their rice land in SRI. Although many field observers suggest that peasant resistance to new approaches may explain the observed patterns, the simultaneous, successful introduction of another new agricultural practice in the same sites serves as a clear rebuttal of that claim. Rather, the explanation for the disappointing adoption dynamics of SRI seems to revolve around the oft-overlooked distinction between cash expenditures and opportunity cost, the importance of timing in determining opportunity cost in economies plagued by weak financial systems, and the implications of resource opportunity cost for smallholder investment choice.
SRI requires few external inputs, and thus minimal cash outlays on seed, chemical inputs or machinery. Nonetheless, for many Malagasy rice producers, SRI requires intense labor effort at just the time poorer farmers must go work others' fields for wages so as to earn cash to meet immediate consumption requirements. Since wages are the primary source of cash in the absence of interseasonal credit, the opportunity cost of labor is simply too high to justify adoption for many.
When weak rural financial systems drive up the implicit interest rate on (nonexistent) interseasonal credit, the net present value of even sharp yield gains may compare unfavorably with even unskilled farm wages today, so smallholders rationally choose not to invest in SRI. Widespread disadoption of SRI, especially by those with salaried employment for whom the opportunity cost of labor is likewise high, seems to underscore the importance of labor intensity in explaining adoption patterns for SRI. This case study thereby raises a number of broader questions about LEISA technologies since these ultimately turn on labor-intensive cultivation practices.
After a brief explanation of the Malagasy context, SRI, and the data used in this study, we explore the patterns of SRI adoption, paying particular attention to the dynamics of adoption, the role of extension and which farmers successfully practice the method. Next, comparing the adoption of SRI with that of another technology introduced in the same areas of Madagascar, we show that technologies that are not necessarily low external input may be more attractive to small farmers. 1 Finally, we bring the first three points together to explain the role of severe seasonal liquidity constraints in technology adoption and what this implies for both SRI in Madagascar and agricultural technology promotion in general.
1 A more technical treatment of adoption, extent, and disadoption decisions can be found in Moser and Barrett (2002) .
Data and Survey Sites
Over several months in early 2000, we explored the determinants of SRI adoption in five purposively selected communities that each had at least five years' exposure to SRI. We first undertook qualitative research using rapid rural appraisal techniques, such as construction of seasonal calendars and enumeration of prevailing livelihood strategies, then collected householdlevel survey information on individual farmers' history of SRI practice from 1993 to 1999. Two of the sites, Manandona and Anjazafotsy, are in the central highlands region of Antananarivo, near the city of Antsirabe. Antsirabe is characterized by relatively good transport systems and well-developed markets, including several food-processing factories which buy local milk, wheat and barley, among other crops. Thus market access for both Manandona and Anjazafotsy is excellent by Malagasy standards, and rice-growing practices are more advanced in this region than in the other villages of the study. The other three villages of this study, Ambatovaky, Iambara, and Torotosy, are near the Ranomafana National Park on the island's eastern escarpment in the Fianarantsoa region, the poorest region of Madagascar. Of the three villages, Ambatovaky has the best market access, being one hour by vehicle to a local weekly market. The other two villages are several hours by foot to nearest market or road.
We performed a census in each village so a s to enumerate precisely the numbers of adopters, disadopters and nonadopters. Households were then randomly selected from each of three strataadopters, disadopters, and nonadopters -for an overall sample size of 317 households.
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The questionnaire covered farm and household characteristics, such as land holdings, family size, age and education of the household head, and major sources of income, as well as the history of SRI use, details of SRI and non-SRI practices, and problems encountered with the method. Farmers were asked to recall total rice area and the proportion of that area in SRI for the period 1993-1999. Given the importance of rice land to the household and supported by extension records, this recall data is considered quite reliable. Because income sources, rather than actual measures of income or food stocks, are used in this study, we can only make rather loose inferences here. While not statistically rigorous, we feel that this method of evaluating and categorizing income sources in each village based on their seasonality and significance using extensive interviews and participatory research provides reliable indicators of household wealth and liquidity.
SRI in Madagascar
Although rice accounts for approximately forty-four percent of land under cultivation and nearly fifty percent of caloric intake in Madagascar (FAO 1998), most farmers cannot produce enough rice to feed their families. Seasonal price fluctuations place further burden on net buyers of rice, a group that includes a sizeable majority of Madagascar's rice farmers (Barrett and Dorosh 1996; Minten and Zeller 2000) . Total rice production increased little in the country during the 1990s, and yields were stagnant and well below world average yields (IRRI 2000) . Because of the importance of rice for both family income and nutrition and because of the significant role that upland rice cultivation plays in deforestation in Madagascar, intensification of lowland rice production has been a major focus of many development interventions.
The System of Rice Intensification 3 is a method that has been promoted and closely followed in Madagascar for more than ten years. It was developed in Madagascar in the late 1980s by a French priest working with Malagasy farmers, who later formed the NGO, Association Tefy Saina (ATS) to promote the method. SRI consists of five recommended practices: early transplanting, the planting of single seedlings, wide spacing, intermittent irrigation and good water control, and frequent weeding. The application of compost is also recommended due to the low soil fertility and high cost of chemical fertilizers in Madagascar, but ATS does not consider this a requirement. Some of the individual components, like adequate spacing and weeding, are commonly recommended practices for rice cultivation (Rhind 1975; Vergara 1994) . However, SRI's remarkable yield increases seem to be achieved only when all of these practices are used in combination. The relative importance and contribution of each of the individual components of the system are currently being studied and there does appear to be a synergistic relationship between the components. Good water control and minimal use of water is both the most controversial component and also one of the more difficult for farmers to master. Contrary to most lowland rice-growing practices in Madagascar and throughout the world, the SRI field is not continuously flooded and is instead treated with intermittent irrigation. It has been speculated that drying the fields allows for good aeration of the soil and better root growth. In order to achieve the necessary level of water control, a level field and a functioning irrigation system offering the ability to let water in and out of the field as needed is essential. The combination of wide spacing and less water, however, provides ideal conditions for weed growth, which means that frequent weeding is necessary. The few studies of its labor requirements show that the method requires an estimated 38 to 54 percent more labor than traditional methods (ATS 1995; Rakotomalala 1997) . According to Rakotomalala, 62 percent of the extra labor needed for SRI is for weeding and 17 percent for transplanting.
Even with the additional costs, the returns to labor still seem to far outweigh those of traditional methods. Average lowland rice yields for traditional methods vary from region to region, but are generally between 2 to 3 tons/hectare. Several studies have simultaneously recorded yields for both SRI and non-SRI fields. 4 In the Ranomafana region, Rakotomalala (1997) tefysaina@simicro.mg 4 Yield data were not collected in this study. The phenomenon of disadoption is difficult to study since we cannot observe past SRI yields. However, based on a limited number of disadopters for whom we have past SRI yield records from ATS, there does not seem to be a significant difference in yields between farmers who later disadopt and those who continue. Furthermore, disappointment with SRI yields was not cited as a reason for disadoption by a significant number of farmers.
Adoption Patterns and Farmer Perception
Prior to this study, the data collected in Madagascar on SRI were mostly limited to summaries of the number of adopters, area under SRI, and SRI yields (Association-Tefy-Saina 1999; Association-TefySaina-Fianarantsoa 1999; Andrianmiarsonarivony 1999; Association-Tefy-Saina 1998; AssociationTefy-Saina 1995). Research on SRI focused mainly on agronomic questions in order to document and explain the incredible yields being achieved (Hirsch 2000 , Uphoff 2000b ). Although it was clear that some farmers were disadopting, little was known about the rates of and reasons for disadoption or about the farmers who were successful with the method. This information is crucial for assessing claims that the technology would greatly benefit poor smallholder farmers but, perhaps surprisingly, is commonly absent from studies of LEISA technologies (Lee and Ruben 2000) .
Adoption Rates and Dynamics
We start by looking at simple descriptive statistics of SRI adoption rates across sites and households.
The extensive literature on the adoption of agricultural technologies has long emphasized the importance of education, extension, income and wealth as determinants of propensity to adopt, timing of adoption, or both (Feder et al. 1985 , Rogers 1995 . Our results echo those patterns, as we describe below. Far fewer studies have examined either patterns of disadoption (Carletto et al. 1996; Neill and Lee 2001) or adoption dynamics at the household level (Foster and Rosenzweig 1995; Cameron 1999; Conley and Udry 2000) .
Failure to take disadoption seriously signals an implicit assumption that new technologies are unambiguously superior to older ones, or that farmers do not adopt so as to experiment with a new practice, either of which implies irreversibility of the adoption choice. Such assumptions are plainly unwarranted in the case of SRI in Madagascar, where the percentage of farmers trying SRI who disadopted was surprisingly high, ranging from 19 to 100 percent across the five sites (Table 1) .
Although both groups of farmers have revealed their preference not to use the technology under current conditions, the decision to disadopt a technology one has tried plainly differs from the decision not to adopt initially. Differences in the characteristics of disadopters and nonadopters therefore provide a window into understanding the obstacles to initial adoption of a technique.
Similarly, comparison between adopters and disadopters, both of whom were obviously able to try the new technology, conveys information on those features of the technology that prove unappealing to at least some farmers under prevailing field conditions.
Working with both farmers and extension agents, the history of SRI adoption for all farmers was reconstructed at each site in order to provide a clear picture of the trends in adoption and disadoption over time. Besley and Case (1993) proposed this approach of using recall data in adoption surveys to correct for the bias inherent to traditional cross-sectional studies due to analysts' inability to differentiate between late adopters of the technology and those who will never adopt. Each year, a few more farmers tried SRI in each site, thereby expanding the base of adopters steadily. By the second year, however, a few farmers were already dropping SRI, although the sharpest increase in disadoption occurred in 1999 for Ambatovaky, Iambara and Torotosy, when funding interruptions for ATS temporarily disrupted extension support. Disadoption was more gradual in Anjazafotsy, where extension has been continuous, yet the overall rate of disadoption is similar to the other sites (Table 1) . Manandona had both the highest percentage of households adopting and the lowest rate of disadoption. These patterns raise important questions as to the characteristics of adopters, disadopters and nonadopters.
Extension
Most farmers in the study area learned SRI from ATS extension agents. Sixty-six percent of adopters learned either through training or by working with an extension agent or local expert and only thirty percent reported learning from other farmers. As already mentioned, there was a large increase in disadoption for three of the sites corresponding to the temporary disruption of extension services in 1999. This suggests that extension support is critical for this technology well beyond the period of initial introduction. Put differently, one might expect new adoption to fall off in the absence of extension training, but the decline in SRI use by established users is a bit more puzzling.
One possible explanation is that this underscores how complex the method really is for farmers accustomed to transplanting sturdy rice seedlings, closely spaced, and grown in standing water. Another, perhaps complementary explanation, is that because SRI marks a radical break from traditional methods, there is cultural resistance to it that is overcome only by the presence of extension advocates because of the respect for authority that pervades Malagasy culture. Either way, the apparent extension-intensity of SRI promotion raises serious questions about the financial feasibility of scaling up SRI use.
Farmer Practices and Perceptions
The household survey included questions on both the SRI and non-SRI practices of farmers. The first interesting thing to note is that although SRI is a set of techniques, farmers seem to adopt all of them (except composting) with little adaptation. Furthermore, farmers do not seem to alter former practices after using SRI-thus many farmers don't seem to "learn" from their experience with the method. This is despite claims by ATS that their farmer trainings encourage experimentation and emphasize teaching farmers about the needs of the rice plant.
Questions were asked regarding farmers' decisions to practice or not to practice SRI.
Nonadopters were asked why they did not practice the method, disadopters were asked why they no longer practice the method, and adopters who did not have all of their rice paddies in SRI were asked why they did not expand their SRI holdings. Multiple responses were possible and these are reported in Table 2 . Lack of time and money were among the most frequently cited reasons for all farmers. Extension was an important reason cited by non-adopters and disadopters for not practicing the method.
Irrigation and other issues related to water control have long been assumed to be major obstacles to SRI adoption, and while a significant number of farmers found water control problematic, it was clearly not the most important issue in our survey sites. This is possibly because ATS selected sites for SRI promotion partly based on water management potential. According to Rakotonjanahary, adequate water drainage-only possible on an estimated 20 percent of rice area in Madagascar-is the major limiting technical factor to SRI in the country (Rakotonjanahary 2002 ).
Because we simply asked farmers their perceptions of problems or obstacles, we have no objective measure of irrigation type or quality in our survey. We can categorize the water management issues concerning SRI by the type of labor investment required. First, the farmer must be able to let water in and out of his fields as needed; depending on the irrigation system, an individual farmer may be powerless to alter his field's condition. In some cases, however, it may also be possible that the farmer can achieve adequate water control through minor improvements in the irrigation ditches and drains surrounding his field.
The second water management issue is that an SRI field must be level so that a small amount of water will be distributed evenly. Thus, the amount of work needed to achieve to this requirement obviously depends on the original state of the field. These first two water management issues generally must be overcome before practicing SRI. It is not known to what extent these initial investment costs are a barrier to SRI adoption. Seventy-six percent of adopters reported initial investment costs in water control or field preparation (especially leveling), but non-adopters rarely cited water management specifically as an issue.
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The third water management issue concerns the daily inspection of the water level. With traditional methods, farmers can be absent from their fields for a week or more at a time. For timeconstrained farmers or for farmers with distant fields, daily trips to the field may be difficult. In addition, in many parts of Madagascar, it is common to own several small, widely dispersed parcels, which implies that it might be difficult to practice an intensive method, like SRI, on all of them.
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Scale of Practice
Given the nontrivial fixed costs of land leveling and ongoing water management, there would seem to be some economies of scale to be gained from trying SRI over larger parcels, rather than just a fraction of a hectare, as is the norm. Indeed, several ATS field agents expressed concern that trying SRI on a very small area makes the method unprofitable and leads to disadoption. If this were true we would expect to see differences in the area cultivated in SRI between adopters and those who eventually disadopted with the same years of experience in SRI. Figure 2 shows this to be precisely the case. In their first year with the technique, those who continued to use SRI cultivated both a 5 Exact costs of the initial investment for adopters and disadopters were often difficult for farmers to recall. Furthermore, a priori, non-adopters may have trouble evaluating the investment costs in water control needed for SRI. 6 Indeed, we find that the distance between a farmer's rice fields reduces the proportion of his land in SRI (Moser and Barrett 2002) . 7 Another possible explanation for the lower extent of adoption among disadopters rests with the farmer's motivation for trying the method. For instance, if the farmer tried SRI, not for the yield benefit, but simply to appease the larger share and a 72 percent larger area (a mean of 0.197 hectares versus 0.115 hectares) than did those who later disadopted. Fifty-three percent of disadopters only practiced the method for one year, and ten percent practiced it for four or more years.
As farmers gain experience with such a seemingly profitable method, one might expect to see increases in the area cultivated under SRI. But as Figure 2 suggests, the expansion in SRI area proved relatively modest for most farmers. For both adopters and disadopters, the proportion of land in SRI levels off after 3 to 4 years of experience to 43 and 39 percent respectively. Among ongoing users, average area in SRI increased from an average of 0.20 hectares in their first year of use to only 0.24-0.27 hectares in years two through five, after which our sample size is too small (less than ten farmers) to provide meaningful inference. Only 12 of 163 households surveyed who tried SRI had all of their land in SRI at any one time. Even though the adopters report higher yields from SRI than from traditional rice cultivation, even with adequate experience, farmers are unwilling or unable to put all of their land in SRI.
Farm and Household Characteristics
Who adopts is at least as important as how many farmers adopt and the extent to which they adopt if part of the impetus for promoting new technologies is poverty reduction. Yet poorer households are typically among the last adopters of improved agricultural technologies, in part due to the positive correlation between education and both income and propensity to adopt, in part due to the effects of higher income on financial liquidity necessary to facilitate risk-taking or, in the case of technologies requiring purchased inputs, to finance their acquisition. This empirical regularity is extension agent or to win prizes offered for the highest yield (a practice employed by the extension agent in at least one of the villages) the farmer would have no incentive to put much land in SRI. seen in the case of SRI as well. Table 3 presents mean household characteristics for each of the three categories of farmers.
The most striking differences are in education, farmer association membership, and land area.
We did not measure income directly, but land holdings 8 and income have previously been shown to be strongly and positively correlated among Malagasy rice farmers (Barrett and Dorosh 1996) . Consistent with much of the adoption literature, adopters and disadopters have had more years of schooling on average than non-adopters and are more likely to belong to a farmer association.
More education and participation in a farmer association can both improve one's access to information on a new technique and help a farmer deal with changes required by new technologies (Feder et al. 1985 , Rogers 1995 . So information seems to be a factor in SRI adoption, as it is in most adoption studies. SRI adopters and disadopters also have significantly more lowland rice area on average than non-adopters, both in 1993 (before the introduction of SRI into these villages) and in 1999.
The major sources of income for the household prove to be among the most important differences between those who have tried SRI and those who have not. Table 3 shows the percentage of farmers citing a given source as first or second in importance for the household.
When the income sources that are widely considered signs of relative wealth-(government) salary, metal-working, and milk and wheat production-are combined, 37 percent of adopters, 24 percent of disadopters, and only 8 percent of non-adopters tap at least one of these. Farmers who have a stable and significant non-rice source of income invest the time and money in SRI. Reliance on agricultural day labor as a major source of income is a sign of poverty in rural Madagascar, as this usually indicates that the household runs out of rice and money soon after the harvest and may be living day to day on what little it can earn. Farmers who try SRI are much less likely to depend on agricultural day labor.
In addition to the relative amount of income each source brings to the household, the timing of the income and corresponding labor requirements helps explain observed SRI adoption patterns.
Potatoes, wheat, and barley are all grown in the winter season after the rice harvest, so their labor requirements do not conflict with those of rice and the harvest comes right before the rice planting season, thereby helping tide the household over through at least the early parts of the rice growing season, when SRI's additional demands are greatest (for field leveling and seedling transplanting).
Small-scale milk production requires only a few hours on farm each day and provides cash income and food year-round. Metalworking is similarly flexible in its timing and in generating income across all seasons. By contrast, agricultural day labor usually involves working in other farmers' rice fields and thus directly conflicts with the household's own rice production. Although agricultural day labor provides income, most of this is used to satisfy immediate consumption needs. Salaried income requiring daily presence at an office can likewise conflict with SRI because the latter not only demands more labor than conventional rice, but also because SRI necessitates close supervision of hired laborers, many of whom are unfamiliar with SRI methods.
9
These observations underscore a fundamental point often overlooked in the discussion of LEISA technologies: the difference between cash cost and opportunity cost. Just because an input 8 Land tenure (not included in the table) is not an issue for SRI adoption in the survey sites, as nearly all farmers own most, if not all, of the lowland area they cultivate. 9 The greater importance of rice as a source of income for adopters must be treated with caution since it may be both a cause and a result of SRI adoption. With more land, adopters would be expected to grow more rice ex ante, and still more rice after adopting SRI.
is not purchased for cash from a market does not make it costless. All inputs have an opportunity cost, even land and labor that farmers do not always exchange through markets. For those with relatively high salaried income, the opportunity cost of foregone salary seems to discourage continued practice of SRI because this method necessitates taking more time in the fields to work and supervised hired laborers. This seems to be an important part of the SRI disadoption story.
Disadopters depend more on salary and crafts income and less on other agricultural crops or milk than do adopters.
By contrast, the (minimal) opportunity cost of labor is typically the wage rate one could earn in unskilled employment. The fact that people choose to supply unskilled labor in the market signals the paucity of attractive options they face. So it might seem that a new technology offering returns as high as SRI seems to deliver should prove especially attractive to the poor who otherwise depend on unskilled labor. However, timing matters. The returns to SRI take months to materialize, while agricultural wages are received daily. Since nutritional requirements must be met before the rice harvest, farmers facing a long "soudure", or hungry season, cannot afford to wait. Because the little informal credit that is available to rural Malagasy households is of very short duration -at most two or three months (Zeller 1994 ) -the effective interseasonal interest rate faced by the poorest Malagasy smallholders is effectively infinite. Properly discounted for the shadow value of cash, the seemingly attractive returns to SRI are likely inferior to those of unskilled agricultural labor due to the failure of rural financial systems. These all-too-common features of rural Africa are too often overlooked by developers and analysts of new agricultural technologies for small-scale producers.
In summary, the traditional correlates of adoption -education, membership in farmer associations, and higher wealth and income -indeed seem to affect who tries SRI. Those without good information or sufficient wealth appear to face a barrier to entry to participation in the new method. The timing of one's other income and labor demands likewise matter a great deal. An activity can be thought of as complementary to SRI if it provides income tha t can be used to hire labor at crucial points in the rice-growing season. Off-season crops, such as barley, potatoes and wheat, milk production and metalworking, fit this description for the survey sites. Activities may conflict with SRI when their labor requirements coincide with those of SRI. Agricultural day labor and many types of salaried employment fall into this category. Income sources thereby provide important evidence that seasonal liquidity constraints affect both the initial adoption and the continued use of SRI.
Comparisons with Off-Season Crop Adoption
In discussions with development practitioners in Madagascar, low rates of adoption of SRI are sometimes blamed on a perceived reluctance of Malagasy farmers to try new techniques. However, this explanation seems inconsistent with widespread adoption over the same period of another technique, off-season cropping. In Ambatovaky, off-season cropping (OSC) was introduced at roughly the same time as SRI, and questions on this practice were included in the survey.
Off-season crops are planted in the rice fields during the winter season; potatoes are the most common OSC in the areas surveyed. The practice demands relatively high external input use as seed and fertilizer must be purchased at the beginning of the season. Off-season crops thereby offer an interesting contrast to SRI because they require labor and purchased inputs after the rice harvest, when farmers typically have more time and money available, and the OSC harvest comes at the beginning of the rice-growing season, providing temporary relief from working capital and subsistence constraints that commonly begin to bind as the rice season progresses. OSC are seen by many farmers as a complement to rice intensification, since rotating crops and adding fertilizer (either organic or inorganic) generally improves soil fertility to the benefit of succeeding rice crops, and because the infusion of resources at OSC harvest facilitates the hiring of labor and frees the household from needing to work off-farm in order to earn wages to purchase food.
Unlike SRI, there has been no disadoption of OSC in Ambatovaky and approximately 84 percent of households now practice the method (as opposed to only 26 percent practicing SRI). One reason seems to be that learning how to grow off-season crops appears to be much easier than learning SRI. Seventy-two percent of all off-season crop adopters, and 60 percent of OSC adopters in Ambatovaky and Iambara, learned the method from other farmers, while only 30 percent of SRI adopters learned the technique this way. Lack of information and extension were not considered a problem by OSC adopters and were only cited as obstacles by 9 percent of non-adopters. By contrast, lack of information and extension were cited as a problem for SRI by 5 percent of adopters and over 20 percent of non-adopters and disadopters.
The data from Ambatovaky show no significant trend in the order in which farmers adopt SRI and OSC. The 40 percent of farmers adopting SRI without adopting OSC is insignificantly different from the 37 percent who adopted SRI subsequent to OSC adoption (with 28% of OSC adopters having previously tried SRI). So although OSC adoption is positively correlated with SRI adoption -55 percent of OSC adopters tried SRI versus only 40 percent of those who did not try OSCthere does not appear to be any temporal causality between these two choices.
Nonetheless, the contrast between OSC and SRI adoption demonstrates that the conventional wisdom, that low external-input technologies are more attractive to cash-strapped smallholders than other technologies, does not always hold. Poorer farmers appear less likely to adopt SRI, while off-season cropping is being successfully adopted by most farmers. How can this apparent contradiction be explained?
The answer lies primarily with the seasonality of income and labor requirements in an economy plagued by weak rural financial systems. The opportunity cost of self-provisioned labor may be too great with low external-input technologies among cash-rationed households. Rice is the single most important activity and source of cash income for most rural Malagasy households, so farmers have the most money (and food) and the least amount of work to do just after the rice harvest, when OSC planting begins. They have cash available to buy seeds and fertilizers then and have food stocks enough from the rice harvest to permit them to invest current labor in planting and weeding OSC fields. Investment in SRI, on the other hand, is required at a time when poorer households have already run out of both cash and rice, and they are unable to borrow enough to tide them over to the rice harvest. So these households must work others' fields to earn wages necessary to satisfy immediate consumption requirements.
Although there are many obstacles to helping poor farmers increase rice production in the short run, food insecurity and rice price variability imply that these farmers would still greatly benefit from a method such as SRI. Given that credit programs are not always feasible and have had mixed success, the example of OSC highlights the potential of technologies or supplemental activities to serve the same purpose as credit, that is, to smooth income over time. Such activities may act as a pathway to other technologies that offer higher expected returns but with a delay greater than the term of available credit, by providing income at times when it is most needed. This permits investment of time or money in the new technology, although the limited evidence on OSC and SRI adoption in our survey villages does not provide clear support for this "practices ladder" hypothesis.
The Role of SRI in Rural Development in Madagascar
If the goal of SRI promotion is to help poor smallholder farmers in Madagascar increase rice production, then this goal is largely not being met and seasonal liquidity constraints appear largely to blame. According to Minten and Zeller (2000) , an estimated 60 percent of farmers surveyed in four regions of Madagascar and 77 percent in the Ranomafana area were net buyers of rice. One can compare these figures to those on SRI adoption for all of the survey sites, where 75 percent of farmers never tried SRI and 85 were not practicing it in 1999. For the Ranomafana sites, 68 percent never tried SRI and 87 percent were not practicing the method in 1999. Although these are rough correspondences only, it nonetheless seems that since those who tried SRI were wealthier and had, on average, a rice stock that lasted longer prior to adoption, 10 it would appear that SRI may be largely missing the net buyers among the rice farming population and benefiting the farmers who need it less, namely, those who already produce a surplus of rice.
Net surplus producers have consistently higher income and are endowed with more land than net buyers (Barrett and Dorosh 1996) , underscoring the distributionally regressive nature of SRI as it presently stands. Poorer farmers might benefit indirectly in the long run from SRI if widespread adoption among wealthier, larger rice farmers leads to increased employment of poorer rice farmers and lower rice prices. However, the high rates of disadoption and low extent of adoption among those who are able to adopt, and physical water management constraints in many parts of Madagascar suggest that these indirect effects are unlikely. Minten and Zeller (2000) caution "against a (development) strategy that simply focuses on rice" because of the potential for increasing income inequality. This caution seems to apply to the promotion of SRI in rural Madagascar. Farmers who do not face seasonal liquidity constraints and who can hire labor are able to increase (or at least maintain) rice productivity and income, while the poorer farmers face declining productivity and continued difficulty meeting consumption needs.
When rice is the primary source of income and food, the poorer farmers are faced with a classic "Catch 22": they must grow more rice to pay for investment, but they must invest to grow more rice, even if the investment is in scarce labor rather than direct cash expenditures.
Promoting alternative sources of income, such as off-season cropping, that do not require labor or monetary investment during the rice-planting season, or that offer flexibility in labor scheduling may help to alleviate both labor and liquidity problems. Moreover, it appears that OSC income sources can complement rice intensification, potentially enabling farmers to subsequently adopt SRI.
Seasonal credit programs could be another way to address the severe seasonal liquidity constraints faced by farmers. While results of past credit programs in Madagascar are mixed (Zeller 1994) , it is clear that many smallholders cannot invest in rice intensification without resolving their cash flow problem.
In addition to the issues of the equitable diffusion of SRI, this study also raises questions concerning the costs of diffusion. The apparent reliance on extension and high rates of disadoption in the absence of extension suggest that it may take farmers several years to become comfortable practicing the method without assistance. Moreover, if the effect of extension is less one of learning than of conforming to authority figures' expectations, a permanent extension presence would be needed. If technical support needs to be available at village level for extended periods, the costs of diffusing the method in Madagascar on a large scale would be quite high.
While the experience of the communities in this study may not be entirely representative of current or potential SRI adoption in other parts of Madagascar, much less in other rice-growing regions of the world, our findings serve as a caution about the importance of seasonal liquidity and labor constraints in influencing adoption patterns among poorer farmers. Furthermore, the widespread adoption of off-season cropping requiring significant purchased external inputs, relative to that of SRI, an almost ideal low-external-input practice, demonstrates that the appropriateness of a technology for smallholder farmers is not necessarily defined by the type of inputs required. The opportunity cost of the scarce resources farmers must invest in adoption of new technologies or assets largely determines the attractiveness of these options. Sometimes the scarcity of cash makes labor, the only means by which the poor can earn cash, the scarcest input of all. 
